Background Several studies have shown that immigrants attend mammographic screening less frequently than non-immigrants. Studies have also shown that attendance is influenced by socio-demographic factors. We aimed to describe the relationship between socio-demographic factors and first attendance among immigrant and non-immigrant women invited to BreastScreen Norway. Methods Our cohort consisted of 885,979 women invited to BreastScreen Norway for their first time between 1996 and 2015. We merged individual-level socio-demographic data to attendance data corresponding to women's first invitation to the program. Using Poisson regression, we calculated rate ratios with 95% confidence intervals (95% CI) for attendance, stratified by region of origin. Covariates of interest included age, income, education level, employment status, marital status, citizenship and years since immigration, among others. Results Fifty-three percent of immigrants and 76% of non-immigrants attended mammographic screening after their first invitation; immigrants as a whole had lower attendance rates across all socio-demographic factors. However, the association between sociodemographic factors and attendance varied between immigrant groups. For all immigrants, no recorded education demonstrated the strongest association with non-attendance compared with ≤ 10 years recorded education (RR adj : 0.69, 95% CI: 0.67-0.71). Other factors associated with non-attendance were low income, living in Oslo, not being employed and being a recent immigrant. Conclusion The association between socio-demographic factors and mammographic screening attendance differed between immigrant groups. Further studies and preventive health measures should take into account that considering immigrants as a homogeneous group may lead to less effective interventions.
Introduction
Breast cancer is the most common cancer and the leading cause of cancer death among women worldwide (Ferlay et al. 2015) . However, breast cancer incidence and mortality rates vary greatly across the world (Ferlay et al. 2015) . While incidence rates are lowest in Africa and Asia, mortality rates are highest in Africa (Ferlay et al. 2015) . Disparities in breast cancer mortality may be related to the availability of diagnostics and treatment and of access to screening (World Health Organization 2018) .
Over the past decades, many high-income countries have implemented mammographic screening as a strategy to reduce breast cancer mortality (Youlden et al. 2012) . The rationale behind mammographic screening is to detect breast cancer at an early stage requiring less advanced treatment and thereby reducing morbitidy and mortality from the disease (LaubySecretan et al. 2015; Marmot et al. 2013) . A high attendance rate is necessary to reduce breast cancer mortality through Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10389-018-0937-1) contains supplementary material, which is available to authorized users. organized mammographic screening; the European guidelines indicate that an attendance rate of 70% is acceptable and 75% is desirable (Perry et al. 2008) .
Low income, lack of health insurance and other sociodemographic factors have been associated with screening attendance below recommended levels given in the European guidelines (Perry et al. 2008; Schueler et al. 2008; Zackrisson et al. 2004) . In particular, studies from Europe, North America and Oceania have identified disproportionately low attendance among immigrants compared with non-immigrants (Bhargava et al. 2018) . Additionally, some groups of immigrant women are more likely to be diagnosed with more advanced disease and thus experience higher rates of breast cancer mortality (Latif et al. 2015; Thøgersen et al. 2017) .
Increasing international migration makes socio-demographic disparities in access to and outcomes from screening among immigrants a topical issue. However, many studies lack information about immigration status or make use of self-reported data (Berens et al. 2014; Weber et al. 2014) . Immigrant women represent highly heterogeneous groups in terms of pre-migratory, historical, cultural and economic circumstances. They may therefore have varying socio-demographic characteristics that could differentially influence screening attendance compared with other immigrant groups, non-immigrants and second generation immigrants. This makes it important to investigate attendance among groups of immigrants.
Overall screening attendance rates are higher in the Scandinavian countries than in many other countries offering organized mammographic screening (International Cancer Screening Network 2016) . The annual attendance rate in BreastScreen Norway is about 75% (Sebuodegard et al. 2016) . However, we have observed that immigrants have an attendance rate that is 23 percentage points lower than nonimmigrants' after their first invitation to the program, 76% versus 53% (Bhargava et al. 2017) .
All inhabitants in Norway are assigned a unique personal identification number (PIN) (The Norwegian Tax Administration 2018). Women targeted by BreastScreen Norway are identified through their PIN, and the PIN allows us to link individual screening data from the Cancer Registry of Norway with socio-demographic data from Statistics Norway. In this study, we took advantage of individually linked data to identify the extent to which sociodemographic factors were associated with attendance among immigrant and non-immigrant women invited to the program during the period from 1996 to 2015.
Materials and methods
BreastScreen Norway started in 4 of 19 Norwegian counties in 1996. The program expanded gradually, covering all 19 counties by 2005. All women born in birth cohorts corresponding to age 50 to 69 at the start of a screening round receive an invitation every 2 years by a personal letter stating a time and place for examination. Screening takes place at stationary units in populated areas, whereas mobile units serve many rural areas. Non-attending women receive a reminder letter 4-8 weeks after their scheduled appointment. The attendance rate is 70% after initial invitations, increasing to 75% after reminders are sent. Women pay a user fee of 240 NOK (about €26) to gain access to screening and any required recall and diagnostic workup (The Norwegian Breast Cancer Screening Program 2017).
The Regional Committees for Medical and Health Research Ethics (REC 2013/795) approved this study.
Data sources and variables
Our study population included 885,979 women with no history of breast cancer who received their first invitation to the program between 1996 and 2015. The Cancer Registry of Norway registers information about all cancers diagnosed in Norway as well all information about screening invitations and attendance in BreastScreen Norway (The Norwegian Breast Cancer Screening Program 2017). We extracted information regarding women's attendance after their first invitation to the screening program as well as information about breast cancer history from the Cancer Registry of Norway's databases. We merged data from the Cancer Registry with information about date of birth and death and sociodemographic factors (county of residence, country of birth, immigration, emigration, income, net worth, education level, employment status, disability benefit recipient status, marital status and citizenship) from Statistics Norway, using the women's PIN.
Information about age, county of residence, screening year and years since immigration refers to the date of the scheduled screening appointment. Income, net worth, employment status and disability benefit recipient status refer to values from the year prior to the appointment. Employment status was not available prior to 2001. Education level, marital status and citizenship refer to the most recent values available. Income and net worth were categorized into deciles derived from all women aged 25 to 67 to exclude values from students and pensioners.
We adopted Statistics Norway's definition of immigrants: persons born abroad with two foreign-born parents and four foreign-born grandparents (Statistics Norway 2017b). All other women were defined as non-immigrants. Our approach to selecting appropriate geographical divisions to represent region of origin was two-fold. First, we considered the United Nations' (UN 
Statistical analysis
We performed descriptive statistics of attendance rates stratified by region of origin for the following socio-demographic factors: age, income, net worth, education level, employment status, disability benefit recipient status, marital status, citizenship, place of residency, screening year and years since immigration. Further, we calculated unadjusted and adjusted rate ratios (RR and RR adj , respectively) with 95% confidence intervals (95% CI) using Poisson regression with robust variance to assess the relationship between attendance and these socio-demographic factors, stratified by region. In total, there were 11 multivariate models: one for all women, one for nonimmigrants, one for immigrants and one for each of the eight regions of origin. Additionally, we used unadjusted rate ratios to compare immigrants' and non-immigrants' attendance rates for each socio-demographic factor. We created a dummy level to represent missing employment status information prior to 2001. We assessed pairwise associations between covariates of interest to examine collinearity. All observed coefficients of determination (R 2 ) were ≤ 0.25. We used Stata MP version 15.0 for all analyses.
Results
The study cohort consisted of 885,979 women, 72,207 of whom were immigrants (Table 1 ). The largest group of immigrants came from Western Europe (n = 24,509), followed by Rest of Asia (n = 18,169) and Southern & Eastern Europe (n = 14,913) (Appendix Table 1 ). Immigrants were more likely than non-immigrants to have an income in the lowest decile (28% versus 8%). Among immigrants, those from Nothern Africa and Western Asia and The Baltic Countries were most likely to have an income in the lowest decile (42 and 39%, respectively). A higher proportion of immigrants had no recorded education compared with non-immigrants (17% versus 1%). A total of 26% of immigrants were living in the capital city of Oslo compared with 11% of non-immigrants. Immigrants from the Baltic Countries had the lowest proportion living in Oslo (8%).
Among all women, we observed a lower crude attendance rate among those with no recorded education, who were unemployed or who lived in Oslo (Table 2) . Immigrants had lower attendance rates than non-immigrants across all levels of socio-demographic factors ( Fig. 1 and Table 2 ). Women from most regions had lower attendance if they were not married, 25%-56% for immigrants and 66% for non-immigrants.
For all immigrant groups, income in the lowest decile was associated with low attendance, ranging from 24 to 52%, compared with 71% for non-immigrants in the lowest income decile. We did not observe a similar finding for net worth. Overall, screening attendance was 57% among immigrants receiving disability benefits and 53% among immigrants not receiving such benefits. We observed the opposite among non-immigrants and immigrants from the Rest of Africa (70 and 78%, and 46 and 54%, respectively, for those receiving disability benefits versus those not receiving benefits). For most immigrant groups, the attendance rate increased with years since immigration.
Generally, the risk ratios for attendance were higher in the univariate models. Discrepancies between the univariate and multivariate models were more pronounced for immigrants than non-immigrants (Tables 3, 4 and Appendix Table 2 ). For all women combined, the strongest association was observed between education and attendance (RR adj 0.61, 95% CI 0.60-0.62 for no recorded education versus less than 10 years) ( Table 3) . Having an income in the lowest decile, not being employed, being separated or not married, having foreign citizenship or living in Oslo was also associated with lower risk of attendance among all women combined. With the exception of citizenship for immigrants, the abovementioned associations persisted when stratified into non-immigrants and all immigrants. The magnitudes of the adjusted risk ratios were similar for non-immigrants and all immigrants; however, income was more strongly associated with attendance among immigrants.
The association between socio-demographic factors and attendance among immigrants varied when stratified by region of origin (Table 4) . Having an income in the lowest decile was associated with lower attendance for most groups. Being unemployed compared with being employed was associated with statistically significantly lower attendance for women from Western Europe, Eastern Africa and the Rest of Asia. The RR adj for attendance among women from Eastern Africa not receiving disability benefits compared with those receiving these benefits was 0.74, 95% CI 0.61-0.89. Further, living outside Oslo was associated with increased attendance among immigrants overall. This relationship was observed in the stratified models but did not reach statistical significance for women from the Baltic Countries and Rest of Africa. The majority of recent immigrants had lower attendance than immigrants who had been in Norway for at least 10 years, except for immigrants from Eastern Africa, where the opposite was observed.
Discussion
In this study of 885,979 women with no history of breast cancer invited to organized mammographic screening in Norway, we observed lower attendance rates among mmigrants than non-immigrants across all levels of the sociodemographic factors studied. These rates varied for immigrants from different regions and by socio-demographic factors. Compared with ≤ 10 years of education, no recorded education demonstrated the strongest and most consistent negative association with attendance for women from all regions, for both immigrants and non-immigrants. Our findings indicate that women with no recorded education might form a particularly vulnerable group that may need increased attention when planning information activities and interventions regarding screening attendance. If no record of education represents no education, possible explanations for lower attendance could include particular health, social and/or economic circumstances that negatively influenced women's ability to follow a school system and thereby understand written information in Norwegian, including screening invitations, or the ability to prioritize screening.
We also found that living in Oslo was associated with lower attendance for most women. This is consistent with results from other studies analyzing attendance rates among women residing in urban versus rural areas (National Health Service 2017). Urban areas such as Oslo typically have larger immigrant populations, more women with higher education and increased access to opportunistic screening-all factors that could negatively affect attendance at organized screening. Indeed, we observed a higher proportion of immigrants and women with higher education in Oslo than other parts of Norway. However, little is known about opportunistic screening attendance in Norway, and this information was not available for our study. More research is needed to understand how urban settings influence attendance.
Lower attendance rates were observed among women who had an income in the lowest decile, or who were unemployed, compared with those with higher income or who were employed, respectively. Our findings are in line with results from other studies reporting an association between low income or unemployment and low attendance (Lagerlund et al. 2002; Vahabi et al. 2016 ). Financial and/or social concerns might reduce the opportunity to prioritize time or money for screening. Although the user fee for mammographic screening in Norway may be considered affordable, women with a low income or women who are unemployed might not prioritize spending their money on screening. We also observed that the relationship between income and screening attendance was more pronounced among immigrants than non-immigrants, suggesting that income is likely a stronger determinant of screening attendance among immigrants than non-immigrants.
Like studies from other countries (Schueler et al. 2008; Vahabi et al. 2016) , our study showed that recent immigration (Bhargava et al. 2017) . As a result, this group may benefit from a targeted approach when planning interventions to increase attendance among immigrants. Our results demonstrated that immigrants attended screening less often than non-immigrants and further demonstrated that some socio-demographic factors may have a stronger influence on immigrants' attendance at BreastScreen Norway than nonimmigrants. Immigrants might face extra challenges navigating health care services due to unfamiliarity with these services or linguistic or cultural differences. Norredam et al. reviewed the access to health care services among immigrants in Europe and found a trend toward lower attendance at screening services among immigrants than non-immigrants (Norredam et al. 2009 ). Similarly, a recent study found lower attendance rates for immigrants than non-immigrants in the Norwegian cervical cancer screening program (Leinonen et al. 2017) . These findings support the hypothesis that the screening disparity observed in this study may be due to systematic health access challenges associated with having an immigrant background.
We did not have information about factors pertaining to linguistic or cultural backgrounds or to pre-migratory factors among women in our study. Understanding how these factors influence screening attendance could be important. For instance, the gender of the radiographer performing the mammogram might consistute a barrier against attendance. Additionally, our analyses were limited by not having information about reasons for immigration. Reasons for immigration differ between and within immigrant groups (Statistics Norway 2017c). If reasons for immigration affect screening attendance, this could be a source of residual confounding in our study. Such confounding could also be caused by other socio-demographic factors we did not have access to, such as traveling distance to the screening unit (Maheswaran et al. 2006) or use of opportunistic screening.
In conclusion, we observed that immigrants had lower attendance at BreastScreen Norway than non-immigrants across all levels of the socio-demographic factors studied. Moreover, 
